ABSTRACT
INTRODUCTION
In classical control theory, we know that the accurate measurement and feedback of signals is the premise to ensure that the system can control the relevant parameters steadily, accurately and quickly.In modern military tactical weapon measurement and control system, satellite attitude and orbit control system, the importance of high-precision signal measurement is self-evident, and its measurement method has been the focus of our research. There are two commonly used measurement methods: direct method and indirect method.Direct measurement method is often used in signal measurement with relatively low accuracy requirements.The indirect measurement principle is adopted without corresponding measuring instruments or when the accuracy of measuring instruments can not meet the requirements of use, such as physical quantity transformation measurement, comparative measurement and other methods.In this paper, a highprecision signal calibration method based on multi-instrument information fusion is proposed, which originates from the idea of federated Kalman filter.
BASIC PRINCIPLES OF KALMAN FILTERING
Essentially, Kalman filtering is a signal processing process that removes or weakens unwanted components and enhances the required components. This process can be realized either by hardware or by software. Since Kalman proposed KF in 1960 to overcome the shortcomings of Wiener filtering, it has been widely used in various fields of data processing and system control. The basic idea of Kalman filter is that the minimum mean square error is the best estimation criterion, the state space model of signal and noise is adopted, the estimation of state variables is updated by the estimation of the previous moment and the observation value of the current moment, and the estimation value of the current moment is obtained. According to the established system equation and observation equation, the algorithm makes the minimum mean square error for the signal to be processed. The process flow of signal measurement and processing is shown in Fig. 1 . Let the stochastic linear discrete system equation be:
In the formula, k x is the n-dimension state vector of the system, k z is the m-dimensions Suppose that the statistics of process noise and measurement noise are as follows:
In the formula, k Q is the nonnegative definite variance matrix of system noise, k R is the positive definite variance matrix of system measurement noise and k S is the covariance of system noise and measurement noise.
When the estimated states and measurements satisfy (1) and (2) formulas and the system process noise and measurement noise satisfy (2), the state estimationˆk x can be solved in the following steps:
One-step state prediction:
The filter gain matrix:
One-step prediction error variance matrix:
Estimation error variance matrix:
Formula (3) ~ (7) are the basic equations of Kalman filter for stochastic linear discrete system.
Given the initial value 0
x and 0 p , the measured value k z of the k time, the state estimationˆk x of the k time can be calculated recursively. Kalman filter estimates the state of system process by feedback control method. The filter estimates the state of the process at a certain time, and then obtains feedback by means of measurement update. One update is divided into two parts, the state update process and the measurement update process.
INFORMATION FUSION METHOD OF MULTI-MEASURING INSTRUMENTS
When it is necessary to measure high-precision signals, according to Kalman's basic principle, multi-instrument information fusion can be used to improve the accuracy of measurement results.In this paper, the 8-bit and-a-half high-precision digital meter F3458A (8-bit and a half) is used as the main measuring instrument, and several sub-measuring instruments can be added for filtering, such as F8846A, Keithley 2001 (six and a half), Keithley 2000 (six and a half), Agilent 34405A (five and a half), F8808A (five and a half)...The n-1 sub-filter is fused with the main measuring instrument 3458A separately, and then the n-1 sub-information and the main information are fused with the main filter again to get the optimal value of the measured value. The algorithm structure is shown in Figure 2 . 
ONE-DIMENSIONAL FILTER DESIGN
Assuming that the theoretical value of measurement is 25uV, the error requirement is 1uV, and the error of measurement instrument is 1.5uV, a single instrument is used to measure the voltage of 25uV 60 times in a short time. The measured value contains random noise which obeys Gauss distribution. By Kalman filter, the measurement results and measurement errors are compared, as shown in Figure 3 .
The state equation of one-dimensional filter is:
In the formula, the state matrix = 1, the noise input matrix = 1, the covariance = 0.01, and the measurement matrix = 1. As can be seen from Figure 3 , in practice, there is always a random variation of the real value around the expected value when the signal source outputs the expected value; the observed curve has poor tracking ability to the real value, and it has strong tracking ability after Kalman filtering. From the right figure, it can be seen more intuitively that the measurement deviation of the observation value is 1.247, the measurement deviation after Kalman filtering is 0.526, and the tracking ability before and after Kalman filtering is better than that before Kalman filtering. The measurement accuracy is increased by more than one time. Fig. 2 is used to construct a six-dimensional filter to fuse the information of six measuring instruments. According to the measurement accuracy and resolution of each measuring instrument, the elements of state matrix and measurement matrix, i.e. weights, are set, and the elements of noise input matrix and covariance are set according to the measurement error.
SIX-DIMENSIONAL FILTER DESIGN
The six-bit filter equation of state is:
The state matrix, noise input matrix and measurement matrix are all 6 x6-dimensional diagonal matrices, and they are all 6 x1-dimensional noise input. The covariance is 6 x1-dimensional. The simulation results are shown in Fig. 4 . From Figure 4 , we can see that the measurement accuracy of six-dimensional observations and Kalman filtering have been improved, and the tracking ability of real values has been strengthened. The measurement deviation after fusion of six-dimensional observations is 0.815, and that after Kalman filtering is 0.331. At this time, the error of the best estimation has met the basic requirements of conformity evaluation, that is, the error of the best estimation has met the basic requirements of conformity evaluation. The measurement accuracy of six-dimensional Kalman filter is about four times higher than that of one-dimensional observation.
In summary, under this measurement system model, increasing the number of information fusion instruments can effectively improve the measurement accuracy of observation value and Kalman filter. After the follow-up experiments and simulations, according to the types of conventional measuring instruments, the measurement accuracy of Kalman filter can be improved by one accuracy grade compared with that of the main measuring instrument when it is increased to 8 fusion instruments.
SUMMARY
In this paper, based on the basic idea of Kalman filter (KF), an extended Kalman filter (EKF) algorithm is designed by using multi-source information fusion technology, and a new method of small signal high precision measurement is proposed. However, this method has a large amount of field data acquisition and is inconvenient for manual calculation. Therefore, this algorithm provides a reference for the design of automatic measurement system.
